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Question 1: Multiple choice

Circle only the correct answer in the following multiple-choice questions.

1.1 Which among the following bond-line structures is a set of constitutional isomers?
Br
I 11 M1 v

A) land II
B) Il and III
C) I, IL and I1I
D) I, 11, and IV
E) L III, and IV
(2)

1.2 Which of the following is the Lewis structure for CH3CO2H?

A) HH

2
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1.3 Which of the following molecules or ions has a nitrogen with a formal charge of -1?7
A) :N—H

H
B) H—N—-H
H
C) H—N—CH;

H
D) HyC—N-~CHa

H
E) |hG—C==N:

2)
1.4 Which of the structures below is not expected to contribute to the CO2 resonance hybrid?
¥+ -
&) 0=C—0
- 4
B) 0—C=0
C) 0=C=0
- + 4+ -
D) O0—C—0
- -
) o—c=0

@

1.5 When the s orbitals of two hydrogen atoms combine to form a hydrogen molecule, which
molecular orbitals are formed?

A) One bonding molecular orbital only
B) Two bonding molecular orbitals

C) One bonding molecular orbital and one antibonding molecular orbital
D) Two antibonding molecular orbitals
E) Three bonding molecular orbitals

@)
[10]
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Question 2: Introduction

2.1 There is only one compound that has a molecular formula C2HsCl. Draw a dash-line
structure of this compound.

)
2.2 Draw the Lewis dot structures of the following compounds presented below.
a) CH.O
ey
b) H2SO4
(D
2.3 Identify the hybridization state of each carbon atom in the following compound.
CH
/\/\/
H30 /
(7)

[11]
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Question 3: Nomenclature of hydrocarbons

3.1 Predict the correct IUPAC substitutive names of the following alcohols.

a)

i

OH

b)

HO

(6)

3.2 Propose three structures of branched alkyl groups, derived from pentane with five carbon
atoms. (Note: Give their [UPAC and common names.)

©)

[15]
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Question 4: Conformational analysis

4.1 Derive a bond-line structure from the staggered conformer given below. Give the name of
this compound you have derived.

/

(4)

4.2 Propose structures of ring-flipped conformers of the compound presented below. (Hint:

Indicate the position of equilibrium for the ring-flipped conformers)
CHa

gy

3)
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4.3 Predict the most and least stable chair conformer given in question 4.2 above? Give reasons
to support your answer.

(6)

[13]
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Question 5: Stereochemistry

5.1 Consider the structure of vitamin C (Ascorbic acid) shown below. Identify all chirality

centers using an asterisk
OH

Vitamin C

2
5.2 Use the 2" rule to predict the number of isomers exhibited by Vitamin C from question
5.1 above. Draw the 3D structures of the mirror images of Vitamin C you predicted using
the 2" rule.

G)

5.3 Propose the complete name of the following compound using the R/S and/or Cahn-
Ingold-Prelog system. (Hint: Show how you have assigned the configuration for more

marks)
OH
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(10)
[15]
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Question 6: Nucleophilic Substitution Reactions

6.1 Consider the following substitution reaction and answer the following questions.

CN
cl

NaCN

DMSO /\/-\ : N
H:.J'(J N, .

Clly

a) Determine whether this reaction proceeds via an Sx1 or Sn2 process. Explain your
reasoning to support your answet.

3)
b) Will this reaction occur faster if DMSO solvent is replaced with ethanol? Explain
your reasoning.

€)

¢) Propose a mechanism for this reaction.

(4)

10 ’



6.2 Discuss the nature of the leaving group in substitution reactions, giving examples to beef

up your discussion.

(4)
[14]

11
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Question 7: Elimination reactions

7 1 Predict the structures of the major and minor product(s) of the following elimination
reactions in the reaction schemes below.

Et0®
(small)
LH3CH2(.|.H(_.H3 =
sl tgu0®
(bulky)

4)
7.2 Identify the Zaitsev and Hoffman products in the products you predicted in question 7.1
above. Explain your reasoning for each for more marks.

(6)

[10]
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Question 8: Addition reactions

8.1 By means of a mechanism show how Markovnikov addition could be accomplished for a
reaction that is shown below.

HBr

Y

Br

(3)
8.2 Provide the reagents you may use to accomplish the following transformation:
\><Br/
——
2

13
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8.3 Predict the product(s) of the following acid-catalysed hydration of an alkene to form an
alcohol.

Hs0

Y
~2

F

2

8.4 Provide a mechanism of the reaction shown in 8.3 above.

@®

[17]

14
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Question 9: Nomenclature and reactions of Aromatic compounds

9.1 Draw structures for each of the following compounds and provide their systematic names:
a) p-Chlorobenzoic acid

2

9.2 With the aid of mechanisms, explain why o-p attack is more favorable than the meta-
attack in the following synthetic scheme presented below.

CHs CHs
CH; GHs 0
-
N _
NO," No o+ s
_— 4.0
N -
& \N
A
o o

15



[17]

(15)

16

L 2R 2R



¢

4

Table 1: 1.3-Diaxial interactions for several common substituents

Substituent Steric hindrance from 1.3-Diaxial interactions
(kcal/mol)
-Cl 2.0
-OH 4.2
-CH3 7.6
-CH,CH;3 8.0
CH(CHs):2 9?7
-C(CHs)s 22.8

C X

17

| @
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